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At!lwsL

Tha w-on factoi ias swh ● m tba Loc -a
k m#iCO Facility h-o -C pm.aiblo h-h
Clwnca BAim ~r~ proton be that cm k UMd
for apatition raactiotu to produ.m mwro qumtltios
Of unstablo imto~. Tmrsato of ovsr 10 ~/a2 can
ba upomd to total Cluarw@ •pprouh~ 1 A-lwur ro-
culti~ in cpdl.ation yiolda in tho O.01-1~ rmga
for mny ia.otopaa of potantisl intorat for wa~ur
structura ● rudiom. With Ch, w Of hot cdl fMil-
itiao, chdcd procaas~ cm isohta ths d~ircd
m.starial md chio aoupld titi cuboquont Isotopo
oap~rmtion cm roault in wbla qw.ncitia of
matarial for nualcar ta. got ●ppliutono MI* off-
stab:o iootopc~ so car~ot mntarhlo, convmthml
nuclwr spactromcopy tachnioua tin k mloyuf to
ocudy nuclai far fr.m otability. Tt16 irrti ation
and procasoiq rquir-cs for ouch an oparation,
alorq with tha imotopo production Poooibilitico,
-ra dimcusncd. Alto pramnto.d ● rc inittil ~sri-
wonts Mint ● lL@~ (t*. 75a) tarbat to porfom
tho (p, t) rmccion to ●scab’ ioh lWQIU ID chc pro-
,O,d doublo “,1. nualcw “CM,

1’ Jau9wL@

Study of nuclai far fra sUbility io u.8w.lly
accompliokd UOIUS corrv6ntioMl tartot- vith stic
r-cciom ●rid/or ooohisciaacd dat@.ction to.akoiqu.sc.
ho major axatpcion to thso convaciond targata
haa b-n in cha ●twJy of th propmcl~c of ch.a huw
nctinidco for vhiah reactor-b.seed production pto-
grm MW providd sulfiaimc ucartilm for tar~oto
●m h~vy u lf’Yml’:). With tti a.dvmtof th h~h
in:msity Woon fcccoriao ouoh ●s I.JMM, m n.w pos-
sibility hat -rad for tho producc:m of msoro
qu.mtiticc of of f-ocaLilicy lsetopoa uslns ●palLa-
tion rautiona co provide nualwr target Mcorido.
Tho L-o@Al-o Plooon ?hysfas ~aai.llty, on ● roucIM
basic, now prwidas boe of 90&6W M of 8(XI KaV
prucons. T’hc major purposa of tha faailicy is to
produca pion.o ad mwn.o ir, various prduocion CAP
:acs, but follwl~ thio produacim a oubountbl
amnt of tha prisary proton b- is tcill wmilabla.
ThroMh irradlmclon facilltl- loaatd ●t tha k
otop ● rea, spallation ra.satiow am ba porfo~ on
● variaty of targat utortilc. For CMS co h s
wiabl~ o~ration, tho aapsbllici@.s ●d morcis.a
for rha handling md ckiaml proauci~ of th
lntmaaly radiomtiva o~l~ tiva to M wailablo,
To produoo tar~ato for further nual~r SCUU60, tha
chni~lly caparatad SQIM b to b,, b cm.mal,
isotopi~lly osparacd onto wlcsblo b-kin,go for
nwlo.ar rmcclan otudiu. with twa C*H tdi-

w1OU mpabilicico, it Cti baa ~ciblo co
rush nuclosr rqiorx far fm mtability by wi.u

aonvmciml nuol-r sstroaaopy proboa vith tbir
intriwicly h@h dfioim.oy d rgoolution. T@ data,
wo Mvo bow iriitid Dtapo CO dwdop tbM ~-
biliti- d, ● ti ● dwnstration of tba twk.lqtm,
hsvt produod ● ‘“Od tar~ot ~, = ?M), with thio
tm~tt w W parfoti th.i k (pot) ‘aa~ r~a.

,,cin,g ,~~w RCy ‘~- l-~s 10 Ch, ~,,,.
tim co Otudy t

~, ~

To maka US of th.a Largo ~ svalhbla in tha
LUFF b- stop arm, an -cmalvo iaotow produc-
tion progmm was basun vith CIM ~boia om mdical
●ppliuti.ma)). ~orc U. cli.niad raquirmco
for ● 14r~a variaty of ~ilic ra.di.omtiv4 imtopoa
for disgnoatl.c and tharapmtic ●pplication. Of tan
it it dui:abla to produac l.ar~s quancicio? of ●

ralatlval Lorq llvad isoto~ which can tkn ●arvm
88 ● “c J or gamrator for ●m sborcar lived imo-
top which is w.od in nsla.mr udicsl ●pplication.
With chid procdurc radioactive c~urd l.abalins
cm bs obcaiti, i-f rquird, W ● controlled
8pwific rsdlacion deco m M ~starad. For
thus purpoms it is mwm~ to IM mbla to prc-
duca mcro qu.mtitiao of tha prim8v Isotop,a of
intorwt. Tu this 4 m Irradiation facility -C
COCIJCWCCd ● t tha ~? b- OtOp cd iC ●Ch_-
tioall~ illwtrmcd in ?ig. 1. TIM comtrainto on
chti facilicy sra thsc it M abla to uitbsca.nd tha
intmoo proton w and provido cmvmimt ●awa
to mbla reco uoy car~cc imcrtion, UCIMMS
md 84nic@. ~is “ocriqor” foaillty all- th9
iwcrtion of up co 9 tarsac ●n-bliao for okl-
camw irradiation. Emh of tlw tar~ata io wmtar
coehd vith a fl- rata of %0 l/Din to ●nsblc di8-
oi>ation of cha M-M Ulwatcm of p-owr dolivarad
by rtu h. A photograph of ● ocsndard cargat
a9 bly ia C* in Pig. 2. TM total tbickn.oca
10 ~ m, ●md tha pr~ry tawing it con.acruacad of
ti~ with a thickn~s in tM Irradiation ra~lon
of 6 m. A coppor bleak 10 lmorcod into this irra-
dticion ~, m.d it aoncaim tha ●atu.sl targat
mtartil. In g ●ral ch car~ota cm h up to 12 =

Fchlak ad 29 m in ● rea, Tho lar~a ●rm 10 ra-
quirad ainac ch.a bcm @&tanclally div~riao wtmn
it goaa through cha plon produacion targcco ●nd

rig. 1 14btia rcprwcatim of tba r-to
irrdiacfm fkcilicy ac WF. Up to
nino ta~a, Uaa b ir’rtibcd ●c * C-.
Lwh it tmtm molcd vitb ● flow rata of
%0 litar/mln.
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Pig. 3 Croat ●action Yor ctiacivt yioldc of
MU chaina for tho rmation @ l’lTt,
Tha oolid CUIWO 10 ● caocad~ calcdation
follm~ad by ctaciotiaal waporaLion’) for
540 Hav incidmt protoos,

follwd by scaciscicd aaporacion’). Tha mial
raproduau the gonoral shspa and m~nltudc of tha
MSSurod distribution, but tha tipnrtanc point to
nota ~ chat chwra i- oubtcancial croeo ●cction for
prediction of nautron dtficionc iootopan thro~hout
CIM rara urth r gion.

t
With an irradiation of ●

carsat of 10B/em with ● tord fluanct of 0.5 A-hr
of protons, t crou ●6CC1OO of 1 mb raoulto in pro-
duction of YCO w of prcduat.

Ochu isotopu af petantlal usa ars ladiaatd
in ?iB, 4, Of tbua, we dsso- opc.aial mmtion,
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Fig. 4. Portion of ● chmrt of tha nuolidos. ma dmmhed lino 10 tha lina of btta otability, d tho Oolid
Iina indicatoo cho a~”oruc product for a civmnmoo fomod in tht proton inducad OD@l~~CiOU of
lolT,m Tho crotn hstchad boxac in.dicata iaotopom of potsntla? intoroot for tar~ot pvcparmcloa.
Mao ●hewn ● ra production cromo stction Intorvalo.

Tha first im ‘$cGd which hc a rahtivsly short ~lf

lifa of only ~8.3 dtyo. Sinca thim is ~:aad
doubly clotad #hall nuclmuo varioum i AlaBcic mnd
diract reaction proboc should provl~~ corroboration
for chio toaigamcnt, Adaquact qus citioc of this
imotopa can in principla ba isol~.ad. Tha w-t
racant Cd utrmction fron ●n ITI Adiatmd Ts tarkat
(Tablo I) had ovar 100 uc of tb,a Iootepa at tha
●nd of bombardmanc. tlowwvar, mven ● targat con-
taini~ only 5 us of CIM Iar.op. will hSV. t dicin-
tagration rata of 100 ●illia rias mn.d, chsraforc,
roquira sdaquacs ohiolding fo( lumdli ,*fupoa@B.
Anochar iootopc of hish Intsroot is . This
31 ymr I-cmmr 10 at ●n mmcitation ●nar y of l.~ tim~

fbut, moat imporcmncly, hu ● -pin of lb . T’lm
nuclaar scructur~ proparcim aaaootitmd vith high
Angular ~nt- cro currantly ●n ●ativo ●rm.m of
raoaarch. Thooracioal apaoulation aonaomiq yrasc
trapa ●nd ohspt ahang~o for NC1OI of high ●ngular
mantm’) has raoultad in ●tmnsiva mmparismncal
proglma to otudy thama rcuion.m. Our raaant irrmdti.
tion of 11.9 C/cml of Ta with 0.365 A-hr of protow
~;:m;aoultod in tha production of ovor 40 us of tha

Hf high-opin iammr, With this ●s s starting
mmtarial, Coulmb tmcitation ocu~les uoims huvy
ion projactileo should ba #blo to rm.moh th.c hi@wst
idontifitd nuclmmr spifi ocatac. ~ara is subJcantial
effort bairq apmdad on tha dmvtlo~c of cha so
called “spin opaatrmmcors” or “avotal bslla” for
maaturi~ y-ray multipliaitia
array.. Tha availability of ~fii~;;’:%:’;%
an mxtanslon in tho us. of thio ~ophistiaatd qu.lp-
mnt intu uniqua Srcami

TAME I

Qd h,ay

tin, 146 148 151 is>

t+ (a) 0,13 734 0,33 0,66

Yiald t-o (US) 113. 300. 20’6. 179.

iiwr (’,ablo 11). Evmn ● t thio bpurity lMVC1 it

TABLE II

Hf AM9ay

72 115 17k2 178

,07 0!19 31. Ecabic

Yiald t=O (US) 6120. 3290 s 41, (6000)
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Fis. 5. Portian of ● chart of cho nuclidat mphm-
citing cho lighmr cl~c region, Daahod
lino la tha lino of beta stability, Labalod
opan boxu art primry irradiation largoc-
for proton inducad mpallation rtictlon,
while tha cro-s btchad bo%a~ rapraoant
isocJpam of incar~st for ●ocondary ttrtat
prcparacion,

TA.BLSIII

Production of Light I~otopao

fnocopa
‘+

(a) Ttr~ot Production/Cyclo

%a 3 x 10’ Cu 2+200

4%1 47 v 2G2Cm

J2SI -650 v 30-300

26A2 7 a 10’ Si 56300

(u:)

m%pactad, ●nd chin nhould b- adaquaca faed m.atarial
to produca uasblt nualaar tmrgoto. Propartia aoao-
ciactd with thmso iootop~c cam yield info-tion
rt~ardi~ the nuclaooynthaaia procasa in ttarm and
th. Proc . . . . . involv.d in ~up.rmv. ampls.ioM,
Throqh lh~ uoa of tha (t, Fh) r~acion info-cion
am ba scquirmd on ths low lying 1+ 1WO1O c, md
chuo o- inai~hc for tho Oamm+falltr daoay
strtn#th, whiah 10 @ortant for U.n.darotamdi.q isa-

topic production in nuclaooynthm.oia tod in ●uptrnava.
ThQ nxtontion of thooa studiu to tlw wtt m.mucron
riah isoto~oo ic bporcant d, tb~rcfora, mauuro-
moncs on tbro (j _ 101a] i. Of 6P.cid inc~r~t,

m. (tlp) roaotion on o Pa would provida an mcan-
sion of availrbla information on laal scruoturo
for tha nucl~r symthaoio coda-,

ma (P,Y) w.mcur-cnto on “Al (?.3 x 10’a)
aro+soof ●trophyclaal imtorcsc.,l:o~cMm:r_
~~t~ ) Of th.,i@.OtOpiO COLttOC Of
ritu hu lad to dioortpanoiu ia CM thaari~. of
nualcesynth~si~ m.nd th~ ori#in of tho cobr syst-,
By diwotly mumuring tho (P,Y) crooo ●aotion On

this imutopo ths Mturo of this a
O- km invcoti~accd. OCWiiM on~~a’~c di~arap~ayTi (47a) aam pra-
vid.m insightinto lmva) ocruoturm.9 in this rqion

•~ arm also ~rta.nt fur nuolmooyuchosio @
atim 8 &tMr wslquc iiocopa f~r sttiy 10 n:~

(*W). Thla vmy nmutron rlah iootopopodto

mmimtinn of chc nuolur ragion which bridges cha
gmp botwaan tho dafarmad a-d ●hall and the clomad
*2O nmutron Shall. Uoing (t,p), (t,fl)and (t,’H~)
rmmctio!u thlo ra~ion could 5s Inv.otigatad ITI
dattil.

For ach isotopa to ba scudia.d, chmmical pro-
cacaQ taclmiquoa hmvt to bt parfacc-d for opara-
tion in rata hot calls to ●fficiantly ●xtract
micro~rmm qumntitiu from up to kiloglam oamplar.
In gcmarml thaoc chdcally Icalatad producco hava
to ba imotopically maparatad onto thin targat
baak~a. Thic raquiroa dovtlo~nt of ion nou-ct
tachnolo~ ●nd tha availability of ● sop{rator which
cmn safaly handlo tho radioactive faad matariml and
ba adaqust~ly dacontmimcd follovio.g tha ●apara-
ticn. U ● 1oo.$ tarm davalopmnt, ●hoztor liv~d
Iaotopu will bacoma mra ●ttracciva for potantial
cmrgat Mcmrial. T%ia kill nacaaticata rmpid handl-
img throughout tha procaomm.g and coordination with
●catlarator achaduling t~ whist tha uocfuln~st
of tha target,



having a 1 star poml:lon cancitiva halical wound
datoctor loca.ad at tha fmml pka. Figtrro 6 pra-
¤a~t a opactmm obtainad aL a aaattarin# ●ngla of
25 . Evan with thio very thin tar~oc ● nino point
angular diccribution vac muaurod for dl scstao
boluw 2,5 MV. Mpo:immntal raaultc snd cl-w aorre
fipondins DWBAfltti ● rt shown in FIz. 7 for throa
diffaranc l-als, On@ Iqortmt rt-ulc frm thmao
MAOU~WDtC is thst no ucitmd stataalio b-low
tha 1.573 llaV lcval, thus corroboratLq pr~i.oua
●tudias snd supporting tha doubla ugic chmraattr
of thio nucleus. Tho DHBAamlymlt of this lmvsl
is conaiatmt vlth an P3 aaai~manc. but w do wc
,’eal it la ~ufficiontly uniqua to firmly ●otablioh
th~ ●pl.n from chio mnalyoi~. Tho lmal ● C 1.9eo Nov
IS ●fitcblishad M ●n L-2 tranmfor and Is ooruiatanc
v~th a~oi~mant ●a a fi lCW1 -da through diffiault

14*Sm(a,2ny) ‘“Cd tioura-
W;:d ‘ly’i’ ‘n””In tha norul y-ray caocada thio lcvol it
not s rnmbct of tha y:aot band nnd is thus not POP-

ulatsdi With our liiht ion dirsct rmction touhni-

qua tho ●coisrmcnt of thic I.mportmst lcol Ic
claarly ●otabliohmd. Th laval at 2.173 MmVh~o the
ditcinctiva aiguitura of ●n L-C tranmfcr mmd is in
agrammcnt with tha roc~nt ●oaigmmnt bantd on xn,

lb,convdrslon Olaotron ●aaourmanto , . ThiB laval ia,
hnvavar , no. th~ pairin~ vibration atato otia6 it
containt lao~ than 10X of tha ground ●t-to otrmngth.
Figuro 8 prasar.tc ● lawal schmc for cha 10V lying
lwalt in ‘4sCd ●m dtduood from our (p,t) maacutc-
monto along vith praviouc sanigrmanca from n atudi~s.

lm 1 w I I I I
~
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CHANNEL N1lMBER

ri~, n A porti~n af cho triton ap~ctrm frm CIM
raaction ‘“cd (p,t) “’tu,

Ma tiuld Iih to thnrik R, J ?rasrvood fOr ahm-

mical aomistmnamin praparatisr, of tha 04, ad R.
J, Dups”k for Ioocoplc separation at tFA maple.
Thio work was don. undsr tha auspiaiao cf cho Unltad
OtitaaDmpartmant of Energy,

(xn,y W 0-) (p,l)
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